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Abstract

Prioritizing Areas for King County Metro Transit's Feeder-to-Fixed Route Flexible Services:

A Preliminary Approach for the Systematic Locational Prioritization of Future Services

Morgan Cowick and Daniel Munkel

Chair of the Supervisory Committee:
Qing Shen, Professor

Department of Urban Design and Planning

Co-Chair of the Supervisory Committee
Joaquin Herranz, Jr., Associate Professor

Daniel J. Evans School of Public Policy and Governance

This work presents an approach for systematically prioritizing areas in King County,
Washington for future feeder-to-fixed route (F2FR) flexible service. This approach is meant to
inform service planning processes for King County Metro Transit (Metro) by providing a
framework for the analytical process as well as for the policy considerations that underpin the
inputs to the analysis. These analytical inputs are informed by Metro’s Mobility Framework,
Metro staff expertise, and academic and practice literature. The analysis identifies specific
criteria and methods for Metro to prioritize areas within the county for future F2FR flexible transit

services, and then employs spatial analysis to develop a ranked list of priority areas based on



these components. The authors are particularly interested in highlighting the policy priorities
embedded in the weighted criteria that make up this analysis, and how varying the analytical
inputs alters the prioritized ranking of areas throughout the county. Ultimately, this work seeks to
present an analytical framework for planning for F2FR flexible services that is closely tied to a

robust set of policy and service priorities.
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Executive Summary

Like many other public transportation agencies, King County Metro Transit must
continuously navigate the balance between different and often conflicting transportation needs.
Over the past three years King County has increased its investment in demand-responsive
flexible transit service options as a way to broaden the way it is able to address these needs,
and to more nimbly meet demand that is inefficiently served by traditional fixed-route transit.
Since October of 2018, Metro’s Innovative Mobility team has piloted demand-responsive feeder-
to-fixed route (F2FR) shuttles in three geographical areas of the county (King County Metro
Transit Department, 2019c). This service model targets closing first-last mile transit gaps, using
on-demand ride hailing and dynamic routing to feed people into the existing fixed-route transit
network. These types of innovative flexible services present one tool to alleviate tensions
around service prioritization, but because they are so new, few transit agencies have developed
criteria for deciding where to put them. Furthermore, there is limited guidance in the academic
and professional literature on how to systematically prioritize locations for this type of service.
As Metro continues to embrace its role as the manager of a menu of mobility options, it is crucial
that its innovative F2FR flexible services become more integrated into the systematized service

planning processes.

For Metro, being more systematic with its demand-responsive flexible services planning
aligns with its shift away from being a transit agency, and toward becoming a mobility agency.
Metro envisions itself as a manager of services that fit into a larger mobility network reliant on
interagency and public-private partnerships. It is this vision that is expressed in the Mobility
Framework and which directly calls for increased innovation and equity in the way in which the
need for service is met. One of Metro’s new guiding documents, the Mobility Framework, was

released in October of 2019 and charts a path for Metro to prioritize new transit service in the



county, including how to provide innovative services like F2FR flexible transit. The
recommendations in the framework specifically call for prioritizing service in areas and times of
day with “unmet need,” or areas that have low public transit accessibility and have high
concentrations of low- and no-income people, people of color and indigenous people,
immigrants and refugees, people with disabilities, and limited- English speaking communities
(King County Metro Transit Department, 2019b). King County Council has now directed Metro to
update its policy documents in order to reflect the recommendations in the Mobility Framework.
As Metro begins to align its broader service planning processes with the Mobility Framework, it

is critical that planning for F2FR flexible services also align with the new framework.

This work aims to explicitly align with the service provision paradigm expressed in the
Mobility Framework. Fortunately, the Mobility Framework includes a set of recommendations for
how to prioritize service, including a set of initial criteria that will be used in this work. However,
while the Mobility Framework offers a robust roadmap for Metro’s future service priorities, it
does not provide guidance that is specific to each flexible service model. Given important
distinctions in the goals that inform different flexible service models, this work evaluates and
selects the criteria that are most applicable to one of these models: feeder-to-fixed route flexible
service. This is the type of service model being pursued currently by the Innovative Mobility

team, and one that increasingly overlaps with the work of the Service Planning team.

Fundamentally, the intention of this work is to model an approach for Metro to prioritize
areas in the county for future F2FR flexible services. Through this work we: 1) identify locations
throughout the county where transit service converges near clusters of jobs and important
community assets, 2) refine sets of weighted criteria to prioritize new service locations, 3)
develop base and alternate models for spatial analysis to identify areas that score highest
based on these criteria, and 4) consider the policy implications of selecting certain criteria and

designating thresholds or weights. The value of this work to Metro and other transit agencies



pursuing similar work includes: the output of the analysis, including ranked prioritization of areas
for future F2FR flexible service; the adaptable methodology that produced the analysis; and the
policy framing that is crucial to guiding decisions around inputs to future analyses. This will
enable greater alignment between policy goals, locational suitability analysis, and

implementation of F2FR and other flexible services moving forward.



List of Terms

Alternative Service

Community Assets

Demand Responsive Transit

Feeder-to-Fixed Route Service

First-Mile Last-Mile

Public transit services that differ from traditional fixed-route,
fixed-schedule transit services. These include, but are not
limited to, the following demand-responsive transit services:
feeder-to-fixed-route services, paratransit, “Dial-A-Ride”
services, door-to-door flexible transit services, and microtransit.
Also often referred to as flexible services.

Facilities and service locations that provide public benefits to
the surrounding community. For the purposes of this research,
this includes educational facilities, job training centers,
community centers, libraries, emergency shelters, Federally
Qualified Health Centers, assisted living facilities, residential
treatment centers, nursing homes, senior centers, hospitals,
Tribal Health Centers, WIC clinics, WIC vendors, ORCA LIFT
(regional subsidized public transit program) enrollment centers,
ORCA (regional public transit payment system) fare outlets,
food banks, farmers markets, grocery stores, shopping centers,
subsidized housing facilities, and places of worship.

Transit that operates in response to calls or requests from
riders. A reservationist or automated system receives the
request and then dispatches a vehicle to pick up riders and
take them to their destinations. These vehicles do not operate
on a fixed route or fixed schedule and typically pick up several
passengers at different locations before taking them to their
respective destinations. (Volinski, 2019)

Local transit service that provides users with connections to
main-line principal arterial service, with the intention of feeding
the existing fixed-route network. (Volinski, 2019)

Refers to the first and last segment of a trip where the mode of
travel for the majority of the trip is public transit. The “first and
last mile” of public transit trips are traditionally covered by
personal means of transportation, such as a personal
automobile or bicycle (or other human or battery-powered
personal transportation vehicle) for public transit trips to or from
park & ride facilities, or walking for shorter first-last mile trip
segments.



Fixed-Route Service

Flexible Service

Microtransit

Service Cannibalization

Transit Accessibility

Transit Trip

Unmet Need

Transit services that travel along a predetermined pathway and
allow onboarding and off-boarding at predetermined stops
along the route.

A broad category of hybrid services that combine pure demand
responsive services and fixed-route services. They often have
established stop locations and/or established schedules, as
well as elements of demand responsive operation. (Li &
Quadrifoglio, 2010)

Shared public or private sector transportation services that offer
fixed or dynamically allocated routes and schedules in
response to individual or aggregate consumer demand, using
smaller vehicles and capitalizing on widespread mobile GPS
and internet connectivity. Because they provide transit-like
service but on a smaller, more flexible scale, these new
services have been referred to as “microtransit.” Also referred
to as dynamic shuttles, or private flexible transit. (Feigon &
Murphy, 2016; Volinski, 2019). Per discussions with Metro
advisors, the variants on the term flexible services were used
for the purposes of this analysis rather than microtransit.

Induced changes in travel mode patterns from fixed-route
public transit services to an alternative public or private mode of
shared travel (e.g. private rideshare or public flexible on-
demand transit).

The ease of reaching goods, services, and destinations. The
Transit Accessibility score measures— in relative terms and on
average—how poor the accessibility is to jobs and community
assets in the area surrounding each transit connection location
(TCL). For this analysis, a high Transit Accessibility score
indicates high need and low accessibility.

The one-way travel of a public transit vehicle in revenue service
between an origin and a destination.

“Areas with high density, a high proportion of low-income
people, people of color, people with disabilities, and members
of limited-English speaking communities; and limited mid-day
and evening service” ((King County Metro Transit Department,
2019b). This definition was adapted for this analysis to focus on
the components of priority populations and low transit
accessibility.



1. Introduction

A timeless challenge for public transit agencies is balancing service coverage (the
overall area that can be accessed via public transit) with ridership. Traditionally, fixed-route
transit services, such as traditional bus service, light rail, and heavy rail trains, have been
operated on a hub and spoke model that is designed to primarily serve the areas with the
highest population and commercial density. Transit agencies tend to invest in higher service
frequency and reliability along high ridership transit corridors in order to maximize ridership and
accumulate the highest return on their investment. As these services extend into areas with
less population density, their operational efficiency significantly decreases, which lead to a
higher cost-per-mile-traveled and often mark these portions of routes as the first to be
eliminated in budget decreases (King County Metro Transit Department, 2015). This financial
incentive competes with public transit agencies’ charge to provide transportation to all who need
it. The goal of providing high transit coverage places an emphasis on the socioeconomic
benefits that public transportation provides: accessibility to community resources and places of
employment (Walker, 2008). However, transportation investment is a zero-sum game, and
investing in transit network coverage has traditionally been difficult to financially justify due to

the desire to invest in speed and reliability improvements along the highest-ridership routes.

Decisions about how to distribute resources according to these goals has no clear
technical answer, but is a question of competing values, and one with which transportation
officials often struggle. Like many other public transportation agencies, King County Metro
Transit (Metro) must also continuously navigate the balance between different and often
conflicting transportation needs. Over the past three years King County has become
increasingly interested in employing “flexible transit” service options as a way to fill gaps in the

fixed-route network, provide new mobility options, and better meet coverage goals. Unlike



traditional fixed-route transit, flexible transit include hybrid services that can offer variations of
two operational models: 1) fixed route, fixed schedule, and 2) flexible route with on-demand
scheduling (Shaheen et al., 2015). Although flexible services have existed for decades,
innovations in technology and service delivery models have enabled the rise of more nimble
public mobility options that closely resemble the ride-hailing services provided by private
companies like Uber and Lyft. Because these flexible services can be tailored to meet various
mobility needs, transit agencies are deploying these services in various forms to alleviate
tensions around service prioritization. However, the relative novelty of these service models in
the United States has left public transit agencies—including King County Metro—struggling to

develop standard planning criteria to guide decisions on service deployment locations.

Currently, Metro’s flexible services are managed by the Innovative Mobility, Contracted
Services, and the Service Planning teams. Between October of 2018 and March of 2020, the
Innovative Mobility team has piloted on-demand feeder-to-fixed route shuttles in three
geographical areas of the county (King County Metro Transit Department, 2019c). These pilots
involve user-requested shared vehicles that operate with dynamic routing that stop somewhere
within walking distance of the rider, and takes them either to or from a transit hub (King County
Metro Transit Department, 2019c). This work focuses on flexible transit service that has
dynamically determined routes and schedules based on consumer demand and follows a
feeder-to-fixed route (F2FR) service model. Although there are other flexible service models, the
work herein focuses on the feeder-to-fixed route (F2FR) flexible service being piloted by the
Innovative Mobility team, which uses on-demand dynamic routing to feed people into the
existing fixed route transit network. While Metro provides other flexible transit services, the
Innovative Mobility team is specifically tasked with developing strategic recommendations and
integration frameworks to advance mobility solutions that can be used by other teams at Metro.

Given this positionality, the Innovative Mobility team and its F2FR flexible services are well-



suited for adopting new analytical frameworks, both in the value it can add to its own services

and for its potential to serve as a model for other Metro flexible services.

One of Metro’s new guiding documents, the Mobility Framework, was released in
October of 2019 and charts a path for Metro to prioritize new transit service in the county,
including how to provide more emerging services like F2FR flexible service. Notably, one of the
Mobility Framework’s top recommendations is to “invest in and measure the outcomes of public
transportation services and improvements in geographic areas and at times of day in which
there is unmet need, particularly as experienced by low- and no-income people, people of color
and indigenous people, immigrants and refugees, people with disabilities, and limited- English
speaking communities” (King County Metro Transit Department, 2019b). Recently King County
Council directed Metro to update its policy documents in order to reflect these and other
recommendations in the Mobility Framework. Although there is a clear drive and directive to
prioritize service to those who would benefit most from it, Metro’s flexible service planning
process haven’t yet incorporated a systematic approach to ensure that these aims are being
pursued. Closing this gap is critical to ensuring that Metro prioritizes service in a way that aligns

with stated policy priorities.

The Mobility Framework presents a set of recommendations for how to prioritize flexible
service, including a set of initial prioritization criteria that will be used in this work. The base
spatial analysis model produced in this work represents an approach to operationalizing the
Mobility Framework recommendations for a specific flexible service type. The policy questions
considered also create space to directly consider the implications of selecting certain criteria
and designating thresholds or weights, in order to guide future adaptations of this work and

application to other flexible services.



Ultimately, this work is guided by the following central questions:

1. What criteria should Metro use to identify future areas for piloting F2FR flexible services,

using Metro’s Mobility Framework as a guide?

2. Which areas of the county meet these criteria?

1.1 Fixed-Route Transit

It's important to discuss F2FR flexible transit relative to other forms of public transit, in
order to contextualize its role in the overall transportation system. Public transit has historically
taken the form of fixed route service, such as fixed bus routes, commuter rail infrastructure, and
ferries (Shaheen et al., 2016). Fixed-route transit is the workhorse of any public transportation
network, and will likely remain the primary mode of travel offered by public transit agencies. The
“fixed” nature of fixed-route transit provides a certainty in destination, in operation timetables,
and at least partially in operational costs for the agency. High capacity vehicles used for fixed-
route transit also provide a significant benefit to public rights of way; by having the capacity to fit
upwards of 50 people (who would otherwise have likely traveled solo in an automobile) into a
single bus, buses are a powerful tool to combat roadway congestion and air pollution. However,
fixed-route transit services are limited by high up-front capital costs, relatively static
infrastructure installations, and significant labor costs. Therefore, the financial sustainability of
fixed-route services usually requires the service network to be limited to high density urban
centers and corridors (Walker, 2008). Transit agencies aim to maximize a transit network’s
capacity, versatility, and coverage by building hub and spoke systems where transfers between
multiple routes and modes can occur at transit hubs, placed in the highest density urban centers
within a transit network’s coverage zone. The goal then is to feed routes--and riders--through
these transit hubs. For transit hubs located in more suburban areas, the primary barrier to entry
into the transit network is traveling to and from the transit hub. The accessibility to these hubs

has traditionally been wholly reliant on riders’ personal travel abilities, whether walking or



cycling to a subway stop or driving a personal vehicle to a park & ride lot next to a bus rapid

transit (BRT) station.

Attracting sufficient ridership in suburban areas has been problematic because suburban
residential areas usually do not meet the initial density threshold necessary to financially justify
any significant number of “spoke” bus routes feeding into the main transit hubs (Boarnet et al.,
2017). Transit agencies have been trying to circumvent this problem by constructing suburban
park & ride infrastructure at high capacity transit hubs to attract more public transit ridership
along transportation corridors. However, in areas like King County where urban and even
suburban property values are at a premium and undeveloped lots are scarce or nonexistent
along key travel corridors, the financial and physical capacity for increasing park & ride capacity
is very limited (Ong, 2019). Access to transit is also more challenging for people living in areas
with geographic or topographic obstacles, or with a lack of pedestrian infrastructure and bike

lanes (King County Metro Transit Department, 2019b).

Recently, new options have emerged to connect people to the existing transit network
that aim to gain efficiency over more rigid service types. Among other advantages, flexible
transit services can be implemented and retooled faster than fixed-route services, they
circumvent issues of poor pedestrian infrastructure and insufficient parking at park & rides, and
they leverage private sector technology and business models. Public transit agencies and
private mobility enterprises have begun harnessing emerging technologies (namely, the mass
spread of mobile phones equipped with GPS, service apps, and dynamic algorithms to match
supply and demand for trips) to experiment with these new flexible strategies (Shaheen et al.,
2015). These demand-responsive rideshare and public transit options can be used to bridge the
“first mile and last mile” gap between people’s homes, workplaces, and trip destinations and the

existing fixed-route transit network.



1.2 Flexible Demand-Responsive Transit

Over the past fifteen years, public transit agencies and private transit innovators alike
have become increasingly interested and invested in flexible transit services to complement
traditional fixed-route public transit services. These investments in flexible transit services are
part of a growing movement to bring about the realization of the concept of “Mobility-as-a-
Service” (MaaS), which is the concept of a fully integrated system of transportation services
through which people can seamlessly onboard, travel, switch service modes, and then off-board
at their desired locations (Kanda & Taylor, 2019). In many ways, the rise of the gig economy
fomented the transformation of urban transportation. Rideshare, carshare, bikeshare, and other
sharing economy companies that have invested in the transportation industry have filled

temporal and spatial gaps left by public transit agencies.

Demand-responsive flexible service—an emerging transit service often operating within
a set geofenced area that offers dynamic routing and scheduling— has emerged as a possible
solution to the limitations of fixed-route transit. These public rideshare services can supplement
fixed-route transit service by increasing a network’s overall coverage areas without the up-front
cost of infrastructure investments (Feigon & Murphy, 2016; Westervelt et al., 2018). The
dynamic nature of these services also allows transit agencies to make rapid alterations to these
services’ operating areas, span of service, and pathway orientation (focusing on only peak

commute direction or inbound/outbound service) (Alonso-Gonzélez et al., 2018).

Transit agencies have implemented demand-responsive flexible services in one of two
ways. Some services are oriented to provide feeder-to-fixed route (F2FR) service to transit hubs
where “spoke” fixed-route service is insufficient or nonexistent (Hernandez, 2018). Other
agencies have replaced underperforming fixed transit routes with demand-responsive flexible
service areas (Westervelt et al., 2018). Recent technological advances and proliferation in GPS

systems, cellular technology, and dynamic algorithmic modeling have made the expansion of



different models of demand-responsive flexible service all the more feasible (Shaheen et al.,
2015). However, locational decisions and performance evaluation of these types of services has
not yet been standardized or optimized, and implementation has been ad-hoc and largely based
on individual services capabilities and the contracted company’s performance (Ong, 2019;

Walker, 2008).

1.2.1 Flexible Demand-Responsive Transit Models

F2FR transit is one of many flexible demand-responsive transit models that exist in the
United States, and one of a few different models employed by King County Metro Transit.
Service models differ primarily in their flexibility in trip scheduling and their flexibility in routing,
but a common theme is that these types of services are most often deployed to meet public
transit coverage goals as opposed to transit ridership goals. Trip schedule flexibility varies
primarily along a spectrum of responsiveness to customer demand. Flexible transit services that
are less able to dynamically respond to customer demand, like King County Metro’s Access
Transportation paratransit service, require riders to book a trip at least 24 hours in advance
(King County Metro Transit Department, 2020a). On the most flexible end of the spectrum are
real-time demand-responsive flexible services like Via to Transit (Via) and Ride2 that generally
pick up a customer within 15 minutes of the trip request and closely resemble the models of

private rideshare services like Uber and Lyft.

Route flexibility varies in dynamism, ranging from a fully fixed route all the way to “fully
dynamic routes that adjust in real time based on traffic and demand,” (Shaheen et al., 2015). A
key component of route flexibility is stop location flexibility. Flexible services like AC Transit’s
“Flex” operate at fixed bus stops for the origin and destination of trips, but the routing has real-
time flexibility based on customer demand (AC Transit, 2020). Other services, like King County
Metro’s Via to Transit services, only allow one end of a trip to be flexible while requiring the trip

to begin or end at a set transit hub within the service area (Via Transportation Inc., 2020).



Another goal-driven service design element would be to designate multiple access points within
a service area—these could be key community assets like schools, grocery stores, medical
facilities and social service centers—and, similar to Metro’s current Via to Transit services,
require trips to begin or end at one of these specified locations while allowing complete flexibility
for the other stop in the trip within a designated service area. On the most flexible end of the
stop location flexibility spectrum are services like King County Metro’s Community Ride that
allow complete stop location flexibility for a trip’s origin and destination within a designated
service area (King County Metro Transit Department, 2020b). The other key component of route
flexibility is the set service area. While this component’s variability does not readily fall along a
linear spectrum, it should be noted that service area design can greatly influence a service’s

flexibility in routing and in trip scheduling.

The first publicly planned and operated flexible demand-responsive transit services were
created as a solution to meet Title Il of the Americans with Disabilities Act of 1990, which
prohibits disability discrimination by all public entities at the local, state, and federal level. This
led to U.S. transportation agencies deploying the first flexible demand-responsive services to
people with disabilities who were unable to use the fixed-route transit system near them. In
practice, transit agencies are required to provide paratransit service within % of a mile of an
existing fixed public transit route (King County Metro Transit Department, 2020a). While these
services are demand-responsive, they are one of the least request-responsive demand-
responsive transit service models; King County Access paratransit service requires customers
to request a trip at least a day in advance, and service delivery time is variable (King County

Metro Transit Department, 2020a).

“Dial-A-Ride” (DART) transit routes have some limited route flexibility, while maintaining
fully fixed schedules (King County Metro Transit, 2020c). These hybrid flexible-fixed transit

services are offered by King County Metro Transit. DART services are primarily located in



suburban areas with lower population densities, greater distances between points of interest,
and fewer public transportation options than surrounding, denser-populated areas. While
primarily a low-capacity fixed-route service, these services—operated by a third-party
contractor—have limited route deviation abilities in designated areas in order to respond to
scheduled customer requests. While DART routes have some limited route flexibility, these

services have fully fixed schedules (King County Metro Transit Department, 2020c).

King County Metro’s Community Ride flexible transit service allows the most route
flexibility out of any of Metro’s flexible transit services; Community Ride provides door-to-door
service for any combination of origins and destinations throughout a specified service area. It
also operates more responsively than Access Transportation and DART (King County Metro
Transit, 2020b). The four Community Ride service areas were developed through the
Community Connections outreach process that is managed by the Service Planning team. Each
Community Ride service varies in span of service and service area size according to localized
demand and the service’s intended utility for the given community, but all service areas require
a customer to book their trip at least two hours in advance. Via to Transit is the most schedule-
flexible (and the second-most route flexible) transit service provided by Metro. It is a pilot flexible
on-demand public transit service that operates as a public-private partnership between Via
Transportation, Inc. and King County Metro’s Innovative Mobility team. This service is classified
as a F2FR transit service, and the five service areas are oriented around transporting riders to
and from Sound Transit Link light rail stations. The wait time between a customer requesting a
trip and the vehicle picking up the customer is on average under 10 minutes, which puts the
service in direct competition with private ridesharing services like Uber and Lyft. Much like the
Community Ride services, trip pathways for this service are continuously optimized to respond

to real-time demand.
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Where a given flexible service falls along each of the spectra of schedule and route
flexibility determines its general typology. It's important to note that multiple typologies can exist
within one flexible service program, especially for flexible services that are tailored to localized

community needs. These can be generalized into three main types:

a) Point to a Hub — characteristic of feeder-to-fixed route services, anchored to

single or multiple points of origin or destination.

b) Hub to Hub — not only characteristic of feeder-to-fixed route, but inclusive of intra-

community mobility connections, with a limited set of origins and/or destinations.

c) Point to Point — the most flexible, with unlimited origins and destinations within a

defined service area.

The flexible services managed by King County Metro Transit vary in other ways besides
their typologies; service planning processes for flexible services can fundamentally shape
service characteristics. At Metro, the Community Connections outreach process that has
produced flexible service pilots managed by the Service Planning team differs from the planning
process used by the Innovative Mobility team, and these differences stem from each team’s
service mandate and planning framework. While flexible and fixed-route service planning have
historically been done separately, the flexible services managed by the Service Planning team
have more recently shifted to approach flexible service planning in a manner closely resembling
that used for fixed-route service planning initiatives at King County Metro. Data-driven initial
findings are combined with associated planning work for related fixed-route service planning
projects. This foundation directs the extensive community engagement which is a primary input
for locating, designing, and right-sizing the Community Connections outreach process that
guides flexible service projects. Alternatively, Innovative Mobility service projects have

historically focused on iteration, evaluation, internal and external project collaboration, and
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“failing fast” in order to achieve continuous improvement. In practice, this means that the
services planned and managed by the Innovative Mobility team are more quantitatively driven
and less focused on community engagement during the initial service planning process. Moving
forward, the two teams intend to align planning processes to more efficiently implement flexible
services in order to best address needs for service. In the meantime, the Innovative Mobility
team and its F2FR flexible services are well-suited for adopting new analytical frameworks, both
in the value it can add to its own services and for its potential to serve as a model for other

Metro flexible services.

1.2.2 Feeder-to-Fixed Route Service

Current practice in King County and most other metropolitan areas across the US is to
implement flexible transit services as first-last mile— or feeder-to-fixed-route— solutions in
areas where providing frequent, all-day fixed route service is not financially or physically feasible
(Hernandez, 2018; King County Metro Transit Department, 2019c¢). In other areas, F2FR flexible
service has completely replaced underperforming bus routes or has been implemented to
provide public transit in areas that historically have had very minimal access to public transit
(Westervelt et al., 2018). Selecting which application to implement has meaningful implications

for the role that innovative and flexible services play in a city’s transportation system.

While F2FR and complete replacement models are sometimes used in tandem to meet
different needs within a jurisdiction, F2FR tends to be the application most often chosen by
transit agencies (Li & Quadrifoglio, 2010). In the United States, Pinellas Suncoast Transit
Authority (PSTA) in Florida was the first to provide service using the F2FR model, and other
transit agencies have since piloted similar programs, including King County Metro, Pierce
Transit in Pierce County, Tri-Met in Portland, LA Metro, RTD in Denver, and VTA in Santa Clara
(Murphy et al., 2019; Ong, 2019). It's important to note that the analysis conducted here is

catered specifically to the F2FR model— the type of flexible service that the Innovative Mobility
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team has piloted thus far. As discussed in Section 1.1: Fixed-Route Transit, the intent of this
model is to close gaps in transit service, and feed riders into the existing fixed-route system
without “cannibalizing transit.” Transit cannibalization in this case refers to the unintentional shift
of riders from fixed-route services to a flexible demand-responsive service, likely due to the
appeal of a faster and more convenient commute option. This contrasts with the complete

replacement models that intentionally aim to replace a poor performing fixed-route service.

While there is limited published work using predictive analysis or analyzing the
measurable impacts of transit cannibalization by a public agency’s flexible services— there
have been studies on the impact of service provided by private ridehailing companies. Some
studies suggest that the services provided by Transportation Network Companies (TNCs)
directly compete with public transit trips (Erhardt et al., 2019). However, these studies do not
consider services that are provided through partnerships with public agencies or the specific
service models like F2FR that aim to minimize this impact. In looking at Metro’s F2FR flexible
services themselves, there is some limited indication that transit cannibalization may be
occurring. Preliminary survey data from Via riders indicate that after Via became available in
South Seattle and Tukwila there was a 7% shift away from using fixed-route public transit as a
mode to get to and from Link stations.! However, this same data indicates that 22% of Via
survey respondents did not previously use light rail for their typical travel trip and were new
users. While self-reported survey data on mode shift behavior alone is insufficient to make
conclusive determinations about transit cannibalization, these results suggest that Metro F2FR
flexible services may be replacing some previous fixed-route trips, but that this may be offset by

new transit users. Additional analysis is needed to identify the prevalence of transit

1 Survey data was collected in September of 2019, with 731 responses collected.
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cannibalization among flexible services, especially F2FR services, and the specific criteria for

locating service that may prevent it from occurring.

In the absence of conclusive research on transit cannibalization, Metro must use the
takeaways from its Innovative Mobility pilots to date to optimize future services that feed people
to fixed-route services. Some of these findings have informed or confirmed the criteria selected
for this work. For example, the Innovative Mobility team’s pilots show that services provide the
most value when they significantly improve access to jobs compared to existing fixed-route
services (King County Metro Transit Department, 2019a). It's important to note that all of
Metro’s flexible service variations lean towards addressing coverage goals rather that ridership
goals, and are primarily framed as a mobility option meant to increase transit accessibility. The
key component of this is connecting people to very frequent service such as light rail or areas
with concentrations of bus routes. Pilot data during its initial six months of service shows that
25% of all Via rides began outside a 0.5 mile buffer of the frequent network. This suggest that a
significant proportion of people are benefitting from the service who don't live within an easy
walking distance of fixed route service and may not normally be able to access it. Similarly, as
stated above, preliminary survey data indicates that a significant proportion of Via survey
respondents were new users of the light rail station. These findings reinforce the understanding
of F2FR flexible services as providing the most benefit specifically where and when local transit
service is poor, and where gaining access to frequent fixed route transit is needed. In this way, it
can fill a gap in the transit network without threatening existing public transit. Additional
descriptions of the criteria that align with these findings can be found in Section 3.1: Base Model

and Section 3.3: Alternative Models.
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2. Relevance of the Work

2.1  King County Metro

This work is geared towards specific applications for King County Metro’s Innovative
Mobility and Service Planning teams. It is important therefore to discuss the relevance of this

work to those teams.

2.1.1 Service Planning

The Service Planning team at King County Metro is primarily tasked with planning
updates to regional transit services and the policies guiding service provision. The most
extensive service updates are Mobility Projects, which can involve a year of iterative planning,
community engagement, and evaluative processes before the final package of service updates
is brought to King County Council for approval. The scope of a Mobility Project typically
encompasses all fixed-route and flexible transit services within a given geographic region of
King County. For example, the Renton-Kent-Auburn Mobility Project updated service for most of
South King County, which encompasses around 200 square miles of King County. These
updates can include, but are not limited to: introduction of new routes, removal of
underperforming routes, alteration to existing route pathways, changes in span of service,
changes in service frequency, identification of priority areas for future flexible mobility services,
and planning of capital improvements to accompany these service changes. Prior to 2018, the
planning processes for flexible service options were conducted entirely independent of fixed-
route network planning. The planning for flexible services took place in a work group called
Alternative Services, which was located outside of Service Planning. Since then, the Service
Planning team has absorbed the Community Connections outreach process and associated
staff in order to better integrate these processes. While this move effectively positioned some

flexible service planning and fixed route planning processes to occur within the same team, the
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planning processes still operate separately from the flexible services managed by the Innovative
Mobility team. As King County Metro continues its shift towards operating as a “Mobility Agency”
with a broader mandate of integrated service, the Service Planning team has expressed interest
in improving the network-wide service planning process by uniting the planning processes for all

fixed-route and flexible-route transit services.

The Service Planning team’s policy work centers on updating Metro’s key service policy
documents, such as Metro Connects, the Strategic Plan, and the Service Guidelines. The
Strategic Plan highlights challenges and opportunities facing the region and presents a 10-year
plan for addressing these challenges and opportunities. This planning document was originally
adopted in 2011 and was updated in 2016 (King County Metro Transit Department, 2016b).
Metro Connects is King County Metro’s long-range, 25-year, planning document that builds
upon the Strategic Plan and contains details on the long-term capital investment plans to
improve speed and reliability, innovation and technology, passenger facilities, access to transit,
demand management, and transit-oriented development (King County Metro Transit
Department, 2016a). The Service Guidelines contain specific technical guidance for
implementing the broader Strategic Plan and Metro Connects policies on fixed-route and flexible
transit planning and operating processes. These policies span everything from criteria used to
determine geographic levels of service to the levels of community engagement required during
service revision planning (King County Metro Transit Department, 2015). The Service Planning
team also manages the transit network in a number of other ways, including performance

monitoring and capital project restructures.
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2.1.2 Innovative Mobility

King County Metro’s Innovative Mobility team is responsible for planning, managing,
and evaluating pilot programs that provide demand-responsive flexible connections to transit,
among other pilot programs. While demand-responsive flexible services are a shared
transportation system that can have either fixed or flexible routes and schedules, Innovative
Mobility’s pilots have fully flexible routing and scheduling (King County Metro Transit
Department, 2019c; Westervelt et al., 2018). These pilots involve user-requested shared
vehicles that operate with dynamic routing that stop somewhere within walking distance of the
rider, and takes them either to or from a transit hub. Because these pilots connect people to
transit hubs, the specific model that the Innovative Mobility team employs for these flexible

services is “feeder-to-fixed route.”

Between October of 2018 and March of 2020, the Innovative Mobility team has piloted
feeder-to-fixed route flexible services in seven geofenced services within three geographic
areas: West Seattle, Eastgate, and Southeast Seattle and Tukwila (King County Metro Transit
Department, 2019c). The two Ride2 pilots in West Seattle and Eastgate have since been ended
after the one-year pilot concluded in December of 2019. The Via to Transit pilot in Southeast
Seattle and Tukwila was suspended in March of 2020 as part of the COVID-19-induced Metro
service reductions. The pilot service was subsequently reinstated and extended for a second
year in June of 2020 for three of the service areas: Tukwila, Rainier Beach, and Othello (King
County Metro Transit Department, 2019c). Metro’s Innovative Mobility team has continued to
apply for funding grants for new F2FR flexible services for King County, as well as consider new
ways to leverage flexible on-demand services in other service reduction scenarios and using
other models besides F2FR. The applicability of this work will be further addressed in the

Section 5.3.2: Applications to Service Reduction Scenarios.
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While the high-level locational decisions for these pilots have been kept within the
agency, the contracted service companies have been granted some authority to identify and test
the performance of specific service areas. When initiating the Via to Transit pilot, Via’s
proprietary modeling did not consider one of the service areas within Southeast Seattle as a
viable service area (King County Metro Transit Department & Via Transportation Inc., 2020).
Metro later decided to include this area as part of the pilot, and it became the area with the
highest ridership. This oversight has led to increased discussion about the goals and priorities
underlying selection of service areas for F2FR flexible service pilots, and the drive to
systematize this process. While operation of flexible services will most likely remain with
contracted service providers, King County Metro’s preference is to assume responsibility for the
service planning, modeling, and evaluation of its F2FR flexible services and perform these tasks
in-house. Based on conversations with service planners at King County Metro, there is a push
to create a more systematic, integrated approach to planning the wide array of transit services

provided by Metro.

For Metro, better aligning policy goals, locational suitability analysis, and implementation
of F2FR flexible services is crucial to its shift toward becoming a mobility agency. Metro intends
to simultaneously be a “provider of fixed-route public transit and community-based mobility
services; an employer and contractor; a partner to jurisdictions around the region; a co-provider
of services with private mobility companies; and part of a local government that prioritizes equity
and sustainability” (King County Metro Transit Department, 2019b). In order to balance this
complex array of duties, Metro envisions itself as a manager of services that fit into a larger
mobility network that is reliant on partnerships with other agencies and private companies. It is
this vision that is expressed in the Mobility Framework which directly calls for increased

innovation in the way in which need is met.
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2.1.3 Mobility Framework

The King County Metro Transit Department is in the process of applying a new
framework to guide future service provision of flexible public transit and other mobility options.
This new vision begins with the recently published Mobility Framework, which was released in
October 2019 (King County Metro Transit Department, 2019b). The Framework was community-
led and co-created by the King County Mobility Equity Cabinet, which was a group of 23
community leaders tasked with helping Metro imagine its role amidst the rise of new technology

and mobility options (King County Metro Transit Department, 2019b).

The work in the Mobility Framework is grounded in the belief that “mobility is a basic
human right that allows communities and individuals to access the opportunities needed to
thrive” (King County Metro Transit Department, 2019b). It contends that striving for mobility
equity is inextricable from other efforts to respond to trends of government investments that
have resulted in disproportionate negative health and economic impacts for certain communities
(King County Metro Transit Department, 2019b). Indeed, the Framework begins by explicitly
acknowledging that low- and no-income people, people of color and indigenous people,
immigrants and refugees, people with disabilities, and limited- English speaking communities
have benefited the least—and in many cases have been harmed—from the rapid changes in
employment, housing, and transportation infrastructure in the Puget Sound region (King County
Metro, 2019a). As a result, as the cost of living has risen more rapidly than wages, many of
these people have been forced to spend greater proportions of their income on housing and
transportation, which are two of the three top drivers of wealth (King County Metro Transit
Department, 2019b). In particular, rising costs have led to the economic displacement of low-
income households from more expensive areas to less-dense neighborhoods that have less
access to frequent, fixed-route transit service. This means that people must travel longer and

farther to access the jobs, schools, or other services they need. Transit inequities are further
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compounded given that low-wage jobs often require employees to travel for shifts during off-
peak transit hours, and are often not located in employment centers that are well-served by
transit (King County Metro Transit Department, 2019b). Travel patterns for lower income
households differ from the County as a whole, with higher demand for transit during the midday
and evening periods, as shown by the comparisons of ORCA bus trips in Figure 1. To clarify,
ORCA LIFT fares are reduced public transit fares available to those whose annual income is
below 200% of the federal poverty level (King County Metro Transit Department, 2020d).
Accessibility to jobs and services during these time periods is not as extensive as during the
traditional peak periods, as shown Figure 7 and Figure 8 in Appendix A. Figure 7. Given the
need to address the multi-faceted issues surrounding mobility equity, a new agency-wide
approach to prioritizing transit service has emerged, to focus in particular on serving priority

populations in the areas and during the times of day where there is the most unmet need.

Figure 1: ORCA Bus Trips by Hour of the Day
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The Framework also acknowledges that the current regional transit network is primarily
oriented towards serving commuters along established transit corridors. In a region like King
County—where human-powered travel is significantly limited in many areas by quality of
pedestrian infrastructure, wheelchair-accessible infrastructure, safety infrastructure, and
geographical features—institutional spending patterns have caused inequities in accessibility to
transportation, especially for first-last mile connections. As one of its recommendations, the
Mobility Framework calls for investments in safety improvements that specifically add first-mile
last-mile mobility services that benefit marginalized groups (King County Metro Transit

Department, 2019b).

In light of these inequities, the Mobility Framework provides a new paradigm for service
provision and expanding the transit network. Indeed, in order to accommodate projected
regional growth, Metro anticipates expanding its transportation network by 70 percent, or by 2.5
million service hours, between 2017 and 2040 (King County Metro Transit Department, 2016a).
The Framework recommends a focus on more equitable allocation of this projected service
increase, and specifically on serving areas with the most ‘unmet need.’ It considers unmet need
as the intersection of areas with both high concentrations of priority populations and with low off-
peak transit accessibility to jobs and community assets. Areas with low levels of midday and
evening transit service and accessibility are considered as time periods with the most unmet
need. Priority populations are identified as the communities that are disproportionately
experiencing the inequities of growth, including “low- and no-income people, people of color and
indigenous people, immigrants and refugees, people with disabilities, and limited-English
speaking communities” (King County Metro Transit Department, 2019b). Consistent with goals
in Metro Connects to expand opportunities for people to access jobs, education, and other

destinations through frequent all-day transit options, the Mobility Framework specifies that
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unmet need also includes low transit accessibility to jobs, schools, medical services, and social

services.

As one strategy to address the inequities of this growth, Metro intends to foster
partnerships with public and private entities to create one interconnected system that provides
all-day mobility (King County Metro Transit Department, 2016a). By offering a menu of mobility
options, the network would cater to many different needs and travel patterns. The Framework
calls for investment in innovation and for the expansion of the region’s portfolio of flexible
demand-responsive services like F2FR (King County Metro Transit Department, 2019b). It
recommends that the broad array of services focus in particular on serving unmet need. The
framework includes preliminary criteria and spatial analysis to guide flexible service provision.
Figure 7: Alternative Services Opportunities Composite: High Concentrations of Priority
Populations, Low Off-Peak Access, Population Density between 4 and 15 people per acre in

Appendix A shows the priority areas that were identified within the county.

King County Council has mandated that Metro use the Mobility Framework to direct the
updates of many of its guiding documents. These include its Service Guidelines, its long-range
plan: Metro Connects, and its Strategic Plan. It is important that any recommendations for
updates to the Service Guidelines align with the Mobility Framework. Given that our work
directly aims to inform planning processes as well as updates to the 2020 Service Guidelines,
we aim to explicitly align with the vision and service provision paradigm expressed in the
Mobility Framework. However, while the Mobility Framework offers a robust roadmap for Metro’s
future service priorities, it does not provide guidance that is specific to each flexible service
model. Given important distinctions in the goals across demand-responsive flexible services and
among service models, this work evaluates and selects the criteria that are most applicable to

feeder-to-fixed route flexible transit.
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2.2  Serving Those with the Greatest Need

The Mobility Framework’s prioritization of those with the most “unmet need” is rooted in
equity and justice theory dating back to the 1970s. Although not first among theorizers of social
equity and distributive justice, John Rawls’ work was foundational to modern theoretical
underpinnings of equity with his conceptions of how market-based benefits and burdens are
distributed among members of society. In his landmark work, A Theory of Justice, John Rawls
directs public institutions to plan and provide services first to those with the most need in order
to maximize public benefit (Rawls, 1971). He directly refuted prevalent utilitarian theories of the
time and developed a moral theory that institutions that are built to combat the “accidents of
natural endowment and the contingencies of social circumstance” (Rawls, 1971), which is to say
the differences in people’s starting places in life. Timothy Beatley expands on Rawls’ work by
calling out the need to tease out the intricacies of what it means to have need and who falls into
the group of people with the greatest need (Beatley, 1988). Though the limitations of these
works have since been raised and debated (Blanchard, 1986; Hayek, 1976; Lister, 2013;
Nozick, 1974), adaptations of Rawls’ foundational principles can be found in more modern
equity-based theories across fields, including the field of transportation (Pereira et al., 2017).

Applicable theories are discussed in greater detail in Section 2.3: Transit Accessibility.

It is important to be precise about what is meant by equity, and how these discussions of
need relate to the vision represented in the Mobility Framework. As discussed in Section 2.1.3,
the Mobility Framework conceives of mobility as a human right, with mobility equity positioned to
respond to the disproportionate negative health and economic impacts wrought by public
institutions on low-income communities of color. In this way equity, or vertical equity, is
distinguished from equality, or horizontal equity, in which all individuals are treated equally and
are expected to equally share benefits and burdens. In contrast to equality, equitable policies

typically strive to acknowledge the existence of positionality among different identities,
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particularly as applied to race/ethnicity. As Litman summarizes, “policies are equitable if they
favor economically and socially disadvantaged groups in order to [compensate] for overall
inequities” (Litman, 2020). In line with this understanding of equity, the Mobility Framework
explicitly identifies groups that are considered to have historically been inequitably served, and

that should be actively prioritized moving forward.

For the practical purposes of this project, King County Metro’s definition of those with the
greatest need has already been set forth by the creators of the Mobility Framework; those with
the greatest (or unmet need) in King County have low transit accessibility to jobs and
community assets and are the priority populations identified above. The Mobility Framework has
also enabled easier identification of areas in which these communities are concentrated by
including block group level census data analysis, in order to better plan for future service
provision (King County Metro Transit Department, 2019b). This work has taken the abstract
notion of serving those with unmet need into the realm of quantifiable analysis, which can now

be used in tangible analyses like the one herein.

2.3 Transit Accessibility

Although not addressed at length in the Mobility Framework, transit accessibility
underpins its vision for mobility equity, as well as much of the current work being done at King
County Metro within the Service Planning and Innovative Mobility teams. As discussed, the
Mobility Framework analysis identifies areas with low transit accessibility to jobs and community
assets as one of the two components of unmet need. The use of transit accessibility analyses
as an approach for modern transportation planning is now fairly widespread, and as Todd
Litman puts it, “the ultimate goal of most transport activity is accessibility, which refers to
people’s ability to reach desired services and activities” (Litman, 2020). Though this end goal
may seem implicit, using accessibility as a success metric for a transportation system contrasts

with traditional models of transportation planning, which have tended to measure the operations
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of the system (speed, level of service, frequency, road capacity). In contrast, accessibility
measures shift attention to the users of the service, and relate more to the distributive questions
of transportation (Martens & Golub, 2012). Working to increase transportation accessibility can
therefore help address the gaps in service created by the mobility inequities summarized here

and highlighted in the Mobility Framework.

Transportation accessibility analyses can be a powerful tool to apply a social equity lens
to transportation system planning. As discussed in Section 2.1.3, transportation disadvantages,
or inequities, impact vulnerable communities most, and in multi-dimensional ways. People who
are transport disadvantaged can be understood as those who need transit but who cannot
access it (Murray & Davis, 2001). In modern transportation equity studies, transportation
disadvantage has been linked to social inequality and poverty, and can be traced to mobility
barriers that limit accessibility to opportunity and relevant amenities (including jobs, education,
healthcare, and other services) (Delbosc & Currie, 2011; Lucas, 2012). Mitigating these
disadvantages by increasing accessibility to opportunities is the very place where accessibility

analyses can be leveraged.

Accessibility can be conceived of as a measure of how the benefits of transportation
plans and investments are distributed (Martens & Golub, 2012). Measuring these benefits is the
role of public agencies like Metro because as discussed, public institutions have played a direct
role in creating the inequitable distribution of burdens like mobility barriers. John Tomasi’s work
on economic liberty can be applied to the argument for government’s role in addressing these
impacts. Tomasi argues that each individual has the right to set out life plans for themselves,
but that that “the very status of people as responsible self-authors may be threatened by
conditions of extreme need” (Tomasi, 2012). The conditions of extreme need he refers to can be

understand as the product of what Rawls termed the accidents of natural and social
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circumstance. This inequity is what Rawls aims to combat with his theory, and what Tomasi

suggests falls to government to address.

Transportation disadvantage and its associated accessibility barriers can be addressed
by public entities with appropriate policy frameworks in place. The Mobility Framework serves
this role for Metro, and dictates the steps and approach that Metro should take moving forward.
Part of that approach includes guidance for prioritizing how to distribute the benefits of new
service by using tools like accessibility analyses. This is an analytical approach that has
become indispensable to the research and practice work within the transportation field, and also

closely aligns with the work in the Mobility Framework and guides the approach taken here.

2.4 Policy Gaps

This work is consistent with the guidance in the Mobility Framework to prioritize future
service provision for those with unmet need. In spite of the direction provided in the Mobility
Framework, there are still policy questions that need to be clarified around the role of flexible
on-demand service given that the technology, partnerships, and service models that are crucial
to providing these services are still in their nascent stages in the United States. Answering these
policy questions is not the intention of this work, but rather the intent is to provide models and a
framework for considering the relevant questions that can help clarify priorities and the
applicability of service models. The underlying elements of these questions are discussed
throughout this work, and summarized succinctly below. Ultimately, the primary questions
around flexible on-demand service provision for King County Metro and other transit agencies
are about its intended beneficiaries and its specific place in the greater regional transit network.

In summary:

1. Who should be prioritized for service?

2. What types of destinations should be prioritized?
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3. When should service be provided?

4. Which service model is most appropriate?

The first question considers who the intended beneficiaries of the service are. While the
equity cabinet has called for prioritizing providing new service to groups with the most unmet
need (priority populations), it's important to consider the relative weighting attributed to each
group. For example, in the Mobility Framework’s Alternative Services Opportunities Composite
analysis, each of the five priority population sub-groups are weighted equally. However,
additional work is explored here and is also being done within Metro in which this weighting is
shifted to more closely align with King County’s stated equity goals, as discussed in Section
3.3.2: Scenario 2: Priority Population Index Weighting Variation. Similarly, the second question
of which destinations to prioritize has been addressed by the Mobility Framework’s accessibility
analysis, but warrants additional consideration about relative weighting. Though the Mobility
Framework analysis prioritizes accessibility to jobs highest, schools second highest, and
medical and social services third highest, it won’t make sense for all flexible service models to
prioritize access to destinations in this way. A hub-to-hub model for example may prioritize
transporting riders to and from important community assets, and the given accessibility analysis
inputs should reflect that. Alternate weighting models for accessibility analyses are discussed in

Section 5.3.1.1: Altered Weighting of Transit Accessibility Components.
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3. Methods

The purpose of this work is to prioritize new areas for F2FR flexible services by
developing both base and alternate models for spatial analysis, and analyzing the values-based
assumptions that underlie variations in the criteria. The intention is to create the framework for
considering and applying the criteria identified herein, rather than developing a final list of
ranked service area center points for King County Metro. This work is